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(54) Process of crystallizing semiconductor thin film and laser irradiation system 



(57) A process of crystallizing a semiconductor thin 
film (4) previously formed on a substrate (0) by irradiat- 
ing the semiconductor thin film (4) with a laser beam 
(50), includes: 

a preparation step of dividing the surface of the sub- 
strate (0) into a plurality of division regions (D), and 
shaping a laser beam (50) to adjust an irradiation 
region (R) of the laser beam (50) such that one of 
the division regions (D) is collectively irradiated with 
one shot of the laser beam (50); 
a cry stall ization st ep of irradiatin g one of th e divis ion 
regions (D) with the laser beam (50) while optically 
modulating the intensity of the laser beam (50) such 
that a cyclic light-and-dark pattern is projected on 
the irradiation region (R), and irradiating the same 
division region (D) by at least one time after shifting 
the pattern such that the light and dark portions of 
the pattern after shifting are not overlapped to those 
of the pattern before shifting; and 
a scanning step of shifting the irradiation region (R) 
of the laser beam (50) to the next division region 
(D), and repeating the crystallization step for the di- 
vision region (D). 
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Description 

BACKGROUND OF THE INVENTION 

[0001] The present invention relates to a process of 
crystallizing a semiconductor thin film, a laser Irradiation 
system used for carrying out the crystallization process, 
a thin film transistor fabricated by using the process and 
system, and a display using the thin film transistor. 
[0002] Thin film transistors have been widely used as 
switching devices for liquid crystal displays and organic 
EL displays. In particular, a thin film transistor including 
an active layer made from poly-crystal silicon is advan- 
tageous in that not only switching devices and periph- 
eral drive circuits can be provided on the same sub- 
strate. The poly-crystal silicon thin film transistor is also 
advantageous in that it can be made fine, to allow the 
opening ratio of the pixel structure to be increased. For 
these reasons, the poly-crystalsiliconthin film transistor 
has received attention as a device for a high-definition 
display. In recent years, a technique of fabricating the 
poly-crystal silicon thin film transistor by using a low tem- 
perature process performed at 600°C or less has been 
actively studied. The adoption of the so-called low tem- 
perature process eliminates the need of using an expen- 
sive heat-resisting substrate, and thereby contributes to 
cost reduction and enlargement of the display. In partic- 
ular, it has been increasingly required to pack not only 
switching devices for pixels and peripheral drive circuits 
but also a highly functional device represented by a cen- 
tral processing unit (CPU) on the same substrate. To 
meet such a requirement, it is expected to develop a 
technique of forming a poly-crystal silicon thin film hav- 
ing a high quality similar to that of a single crystal silicon 
thin film. 

[0003] In accordance with the related art low temper- 
ature process, an excimer laser beam or electron beam 
formed in a long-sized shape or linear shape is scanned 
to irradiate the surface of a substrate on which amor- 
phous silicon is previously deposited, to convert the 
amorphous silicon into poly-crystal silicon. Alternatively, 
the substrate is collectively irradiated with an excimer 
laser beam formed into a rectangular shape having a 
large area, to convert amorphous silicon into poly-crys- 
tal silicon. The irradiation of the substrate with a high 
energy beam such as a laser beam or electron beam 
can rapidly heat and melt only amorphous silicon on the 
substrate without giving damages to the substrate. The 
crystallization of silicon occurs at the subsequent cool- 
ing step, to result in an aggregation of poly-crystals hav- 
ing a relatively large grain size. For the energy beam 
having been used, however, the pulse continuation time 
is as very short as 20-200 ns. As a result, since a time 
required for amorphous silicon to be resolidified after be- 
ing melted is very short, so that the melted silicon is ac- 
tually rapidly cooled and converted into poly-crystal sil- 
icon. The occurrence frequency of crystal nuclei be- 
comes higher by rapid cooling of the melted silicon. As 



a result, the grain size of the poly-crystal silicon thus 
obtained becomes smaller. The mobility of the thin film 
transistor using the poly-crystal silicon having a small 
grain size as an active layer is as small as about 80 cm 2 / 
5 Vs for the N-channel type MOS transistor. 

[0004] Accordingly, to pack a circuit having a high 
function, together with switching devices for pixels, on 
the same substrate, it is required to significantly improve 
the performance of thin film transistors. To meet such a 
10 requirement, there has been proposed a technique of 
irradiating a substrate with a laser beam in a state in 
which the substrate is heated at about 400°C. By previ- 
ously heating the substrate, the re-crystallization rate 
(cooling rate) after laser irradiation becomes slow, to 
15 thereby increase the crystal grain size. According to this 
technique, however, in the case of using a glass sub- 
strate, the upper limit of the heating temperature be- 
comes about 450°C due to the thermal limitation of the 
glass substrate, which temperature is very lower than 
20 the melting point of silicon, that is, 1400°C. As a result, 
even by adopting the method of pre-heating the sub- 
strate, poly-crystal silicon, is rapidly cooled after laser 
irradiation, so that it is difficult to obtain poly-crystal sil- 
icon having a large crystal grain size similar to that of 
25 single crystal silicon. 

[0005] Another method of forming poly-crystal silicon 
having a large crystal grain size is disclosed, for exam- 
ple, in Japanese Patent Laid-open No. Hei 7-297125, in 
which a catalyst metal is introduced in a silicon thin film 
30 tor allowing crystals of silicon to grow in a specific crystal 
orientation. The method, however, basically requires a 
solid-growth process characterized in that annealing is 
performed at a temperature of 550° C or more, and 
therefore, the method is poor in matching with the low 
35 temperature process. Further, since a catalyst metal re- 
mains in the silicon thin film, it is required to provide the 
additional step of removing the metal component by get- 
tering. 

40 SUMMARY OF THE INVENTION 

[0006] An object of the present invention is to provide 
a process of simply forming a silicon thin film having a 
crystallinity similar to that of single crystal silicon over a 
45 large area at a high throughput. 

[0007] To achieve the above object, according to a 
first aspect of the present invention, there is provided a 
process of crystallizing a semiconductor thin film previ- 
ously formed on a substrate by irradiating the semicon- 
50 ductor thin film with a laser beam, including: 

a preparation step of dividing the surface of the sub- 
strate into a plurality of division regions, and shap- 
ing a laser beam to adjust an irradiation region of 
55 the laser beam such that one of the division regions 
is collectively irradiated with one shot ol the laser 
beam; 

a crystallization step of irradiating one of the division 



25 



30 



35 



40 



45 



50 



2 



3 



EP 1 047 119 A2 



4 



regions with the laser beam while optically modu- 
lating the intensity ol the laser beam such that a cy- 
clic light-and-dark pattern is projected on the irradi- 
ation region, and irradiating the same division re- 
gion by at least one time after shifting the pattern 
such that the light and dark portions of the pattern 
alter shifting are not overlapped to those of the pat- 
tern before shifting; and 

a scanning step of shifting the irradiation region of 
the laser beam to the next division region, and re- 
peating the crystallization step for the division re- 
gion. 

[0008] The crystallization step preferably includes a 
step of controlling the direction of crystallization by mak- 
ing use of a temperature gradient corresponding to the 
light-and-dark pattern, and irradiating the same division 
region again after shifting the pattern by a distance with- 
in a crystallization distance by one shot of laser irradia- 
tion. Further, the crystallization step is preferably carried 
out in a state in which the substrate is heated at a tem- 
perature of 200°C or more. 

[0009] According to a second aspect of the present 
invention, there is provided a laser irradiation system for 
crystallizing a semiconductor thin film previously formed 
on a substrate by irradiating the semiconductor thin film 
with a laser beam, including: 

shaping means for shaping, when the surface of the 
substrate is divided into a plurality of division re- 
gions., a laser beam to adjust an irradiation region 
of the laser beam such that one of the division re- 
gions is collectively irradiated with one shot of the 
laser beam; 

optical means for optically modulating the intensity 
of the laser beam such that a cyclic light-and-dark 
pattern is projected on the irradiation region; 
primary scanning means for irradiating one of the 
division regions with the optically modulated laser 
beam, and irradiating the same division region after 
shirting the pattern such that the light and dark por- 
tions of the pattern after shifting are not overlapped 
to those of the pattern before shifting; and 
secondary scanning means for shifting the irradia- 
tion region of the laser beam to the next division re- 
gion, and repeating the crystallization step for the 
division region. 

[001 0] The optical means preferably includes a micro- 
slit on which a cyclic light-and-dark pattern is depicted, 
the optical means being inserted in the optical path of 
the laser beam; or a phase shift mask which diffracts the 
laser beam to form a cyclic light-and-dark pattern, the 
optical means being inserted in the optical path of the 
laser beam. 

[0011] According to a third aspect of the present in- 
vention, there is provided a thin film transistor including: 



a semiconductor thin film; 

a gate insulating film stacked on one surface of the 
semiconductor thin film; and 
a gate electrode stacked on the semiconductor thin 
film via the gate insulating film; 
the semiconductor thin film is obtained by forming 
amorphous silicon or poly-crystal silicon having a 
relatively small grain size on a substrate, and irra- 
diating the amorphous silicon or poly-crystal silicon 
having a relatively small grain size with the laser 
beam to crystallize the amorphous silicon or poly- 
crystal silicon having a relatively small grain size in- 
to poly-crystal silicon having a relatively large grain 
size; and 

the crystallization of the semiconductor thin film is 
performed by dividing the surface of the substrate 
into a plurality of division regions, and shaping a la- 
ser beam to adjust an irradiation region of the laser 
beam such that one of the division regions is collec- 
tively irradiated with one shot of the laser beam; ir- 
radiating one of the division regions with the laser- 
beam while optically modulating the intensity of the 
laser beam such that a cyclic light-and-dark pattern 
is projected on the irradiation region, and irradiating 
the same division region by at least one time after 
shifting the pattern such that the light and dark por- 
tions of the pattern after shifting are not overlapped 
to those of the pattern before shifting; and shirting 
the irradiation region of the laser beam to the next 
division region, and repeating the crystallization for 
the division region. 

[0012] According to a fourth aspect of the present in- 
vention, there is provided a display including: 

a pair of substrates jointed to each other with a spe- 
cific gap put therebetween; and 
an electrooptic material held in the gap between the 
substrates; 

a counter electrode formed on one of the sub- 
strates; and 

pixel electrodes and thin film transistors for driving 
the pixel electrodes, which are formed on the other 
of the substrates, each of the thin film transistor in- 
cluding a semiconductor thin film and a gate elec- 
trode stacked on one surface of the semiconductor 
thin film via a gate insulating film; 
wherein the semiconductor thin film is obtained by 
forming amorphous silicon or poly-crystal silicon 
having a relatively small grain size on the other sub- 
strate, and irradiating the amorphous silicon or poly- 
crystal silicon having a relatively small grain size 
with the laser beam to crystallize the amorphous sil- 
icon or poly-crystal silicon having a relatively small 
grain size into poly-crystal silicon having a relatively 
large grain size; and 

the crystallization of the semiconductor thin film is 
performed by dividing the surface of the substrate 
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into a plurality ol division regions, and shaping a la- 
ser beam to adjust an irradiation region of the laser 
beam such that one of the division regions is collec- 
tively irradiated with one shot of the laser beam; ir- 
radiating one of the division regions with the laser 5 
beam while optically modulating the intensity of the 
laser beam such that a cyclic light-and-dark pattern 
is projected on the irradiation region, and irradiating 
the same division region by at least one time after 
shifting the pattern such that the light and dark por- 
tions of the pattern after shifting are not overlapped 
to those of the pattern before shifting; and shifting 
the irradiation region of the laser beam to the next 
division region, and repeating the crystallization for 
the division region. 

[001 3] According to a fifth aspect of the present inven- 
tion, there is provided an organic EL display including: 

pixel electrodes containing luminous portions made 
from an organic EL material and thin film transistors 
for driving the pixel electrodes, which are. formed on 
a substrate, each of the thin film transistors includ- 
ing a semiconductor thin film and a gate electrode 
stacked on one surface of the semiconductor thin 
film via a gate insulating film; 
wherein the semiconductor thin film is obtained by 
forming amorphous silicon or poly-crystal silicon 
having a relatively small grain size on the substrate, 
and irradiating the amorphous silicon or poly-crystal 
silicon having a relatively small grain size with the 
laser beam to crystallize the amorphous silicon or 
poly-crystal silicon having a relatively small grain 
size into poly-crystal silicon having a relatively large 
grain size; and 

the crystallization of the semiconductor thin film is 
performed by dividing the surface of the substrate 
into a plurality of division regions, and shaping a la- 
ser beam to adjust an irradiation region of the laser 
beam such that one of the division regions is collec- 
tively irradiated with one shot of the laser beam; ir- 
radiating one of the division regbns with the laser 
beam while optically modulating the intensity of the 
laser beam such that a cyclic light-and-dark pattern 
is projected on the irradiation region, and irradiating 
the same division region by at least one time after 
shifting the pattern such that the light and dark por- 
tions of the pattern after shifting are not overlapped 
to those of the pattern before shifting; and shifting 
the irradiation region of the laser beam to the next 
division region, and repeating Ihe crystallization for 
the division region. 

[001 4] According to the present invention, the surface 
of a substrate is divided into a matrix pattern, to define 
a plurality of rectangular division regions, and corre- 
spondingly a laser beam is shaped into a rectangular 
shape such that one of the division regions can be col- 



lectively irradiated with one shot of the laser beam. The 
intensity of the laser beam is optically modulated such 
that a cyclic light-and-dark pattern is projected oh the 
irradiation region shaped into the rectangular shape, 
and one of the division regions is irradiated with one shot 
ol the laser beam. The direction of the crystallization is 
controlled by making use of a temperature gradient cor- 
responding to the light-and-dark pattern. Then, the 
same division region is irradiated again with one shot of 
the laser beam after the pattern is shifted such that the 
light and dark portions of the pattern after shifting are 
not overlapped to those of the pattern before shifting. In 
this case, by performing the crystallization after shifting 
the pattern by a distance within the crystallization dis- 
tance by one shot of laser irradiation, it is possible to 
obtain more homogeneous crystals. The above crystal- 
lization step is repeated by several times, and when the 
pattern is shifted by one cycle of the light or dark portions 
of the pattern, the irradiation region of the laser beam is 
shifted from the initial division region to the next division 
region, and the crystallization step is repeated for the 
division region. A large area semiconductor thin film can 
be thus effectively crystallized. 
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25 BRIEF DESCRIPTION OF THE DRAWINGS 
[0015] 

Fig. 1 is a perspective view showing a crystallization 
30 process of the present invention; 

Figs. 2A to 2D are schematic diagrams each show- 
ing an example of a cyclic light-and-dark pattern 
used for the crystallization process of the present 
invention; 

35 Fig. 3 is a block diagram showing a laser irradiation 
system of the present invention; 
Figs. 4A and 4B are diagrams each showing a crys- 
tallization step for illustrating the crystallization 
process of the present invention; 
40 Figs. 5A to 5D are views showing sequential fabri- 
cation steps for illustrating a first embodiment of a 
method of fabricating a thin film transistor according 
to the present invention; 

Figs. 6A to 6C are views showing sequential fabri- 
cs cation steps for illustrating a second embodiment of 
the method of fabricating a thin film transistor ac- 
cording to the present invention; 
Fig. 7 is a schematic perspective view showing one 
example of a display in which thin film transistors 
so fabricated in accordance with the present invention 
are packed; 

Fig. 8 is a schematic block diagram showing anoth- 
er example of the laser irradiation system of the 
present invention; 
55 Figs. 9A and 9B are views each showing a crystal- 
lization step for illustrating another example of the 
crystallization process of the present invention; 
Fig. 10 is a diagram illustrating a phase shift mask 
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assembled in the laser irradiation system of the 
present invention; and 

Fig. 1 1 is a diagram illustrating the operational state 
ol the phase shift mask. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

[0016] Hereinafter, embodiments of the present in- 
vention will be described in detail with reference to the 
drawings. 

[001 7] Fig. 1 is a schematic perspective view showing 
an embodiment of a crystallization process according to 
the present invention. According to the crystallization 
process of the present invention, a semiconductor thin 
film 4 previously formed on a substrate 0 made from typ- 
ically glass is crystallized as follows: namely, the semi- 
conductor thin film 4 is irradiated with a laser beam 50, 
so that a semiconductor such as silicon melted once by 
irradiation of the laser beam 50 is crystallized at the cool- 
ing step. To be more specific, at the preparation step, 
the surface of the substrate 0 is divided into a matrix 
pattern, to define a plurality of division regions D, and 
the laser beam 50 is shaped to adjust an irradiation re- 
gion R of the laser beam 50 into a rectangular shape 
such that one of the rectangular division regions D is 
collectively irradiated with one shot of the laser beam 
50. Accordingly, the shape of the irradiation region R is 
matched to that of the division region D. At the next crys- 
tallization step, the initial division region D positioned at 
the upper left side of the substrate 0 is irradiated with 
the laser beam 50. At this time, the intensity of the laser 
beam 50 is optically modulated such that a cyclic light- 
and-dark pattern is projected on the irradiation region 
R. Then, the same division irradiation region D is irradi- 
ated again with the laser beam 50 by at least one time 
alter the pattern is shifted in such a manner that the light 
and dark portions of the pattern after shifting are not 
overlapped to those of the pattern before shifting. The 
shift direction of the pattern is designated by an arrow 
M a". After that, the irradiation region R of the laser beam 
50 is shifted to the next division region D positioned on 
the right side of the initial division region D, and the crys- 
tallization step is repeated for the division region D. The 
movement direction of the scanning step is designated 
by an arrow (b). At the crystallization step, the direction 
of crystallization is controlled by a temperature gradient 
corresponding to the light-and-dark pattern, and the pat- 
tern is shifted by a distance within the crystallization dis- 
tance by one shot of laser irradiation and the same di- 
vision region D is irradiated with the laser beam. After 
that, such a crystallization step is repeated. By carrying 
out the crystallization step in a state in which the sub- 
strate 0 is heated to a temperature ol 200°C or more, a 
more homogeneously crystalline state can be obtained. 
[001 8] According to the present invention, the surface 
ol the substrate 0 is divided into a matrix pattern, to de- 
fine a plurality of the rectangular division regions D, and 



the laser beam 50 is shaped into a rectangular shape 
such that one of the division regions D can be collec- 
tively irradiated with one shot of the laser beam 50. The 
intensity of the laser beam 50 is optically modulated 
s such that a cyclic light-and-dark pattern is projected on 
the irradiation region R shaped into the rectangular 
shape, and one of the division regions D is irradiated 
with one shot of the laser beam 50. The direction of the 
crystallization is controlled by making use of a temper- 
ature gradient corresponding to the light-and-dark pat- 
tern. Then, the same division region D is irradiated again 
with one shot of the laser beam after the pattern is shift- 
ed such that the light and dark portions of the pattern 
after shifting are not overlapped to those of the pattern 
before shifting. In this case, by performing the crystalli- 
zation after shifting the pattern by a distance within the 
crystallization distance by one shot of laser irradiation, 
it is possible to obtain more homogeneous crystals. The 
above step is repeated by several times, and when the 
pattern is shifted by one cycle of the light or dark portions 
ol the pattern, the irradiation region R of the laser beam 
50 is shifted from the initial division region D to the next 
division region D, and the crystallization step is repeated 
for the division region D. A large area semiconductor 
thin film 4 can be thus effectively crystallized. 
[0019] In the example shown in Fig. 1 , by shifting the 
pattern in the direction (a) step by step (for example, by 
each distance of 1 urn) to crystallize the initial rectangu- 
lar division region D, largely shifting the irradiation re- 
gion R to the next division region D in the direction (b), 
and repeating the above step for the division region D, 
the entire surface of the semiconductorthin film 4 on the 
substrate 50 is crystallized. In this case, the rectangular 
division region D has a size of 61 mm X 73 mm, and the 
entire area of the rectangular laser irradiation region R 
corresponding to the division region D is covered with 
the light-and-dark pattern. In the case where the width 
of each dark portion is 1 urn; a space between the ad- 
jacent dark portions is 5 um; the position shift amount 
of the laser beam 50 is 0.75 ujti; and the crystallization 
distance by one shot of laser irradiation (lateral crystal 
growth distance) is 1 \xm, the entire area of the rectan- 
gular division region D is homogeneously crystallized by 
5-7 shots of laser irradiation. In the case where the rec- 
tangular division region D has a size of 61 mm X 73 mm 
and the glass substrate 0 has a size of 600 mm X 720 
mm. letting the overlapped width of the beams between 
the adjacent division regions be 1 mm, the total shot 
number required lor crystallization of the entire semi- 
conductor thin film on the substrate 0 becomes 500-700 
shots when the frequency of laser oscillation is set at 10 
Hz. As a result, the tack time for crystallization required 
for each substrate becomes about 50-70 seconds, 
which is sufficiently fast as the throughput for mass-pro- 
duction. 

[0020] By healing the glass substrate at a tempera- 
ture of 200°C or more, preferably, in a range of 400°C 
to 650° C at the laser crystallization step, the cooling rate 



15 



20 



25 



30 



35 



40 



45. 



SO 



5 



9 



EP 1 047 119 A2 



10 



upon solidification ol the melted silicon of the semicon- 
ductor thin film 4 is made low. This is effective to sup- 
press the occurrence frequency of crystal nuclei, and 
hence to obtain a semiconductor thin film made from sil- 
icon crystals with less defect density. The substrate 0 
may be heated by resistance heating, or lamp heating 
using an Xe arc lamp or halogen lamp. 
[0021] Figs. 2A to 2D are schematic plan views each 
showing an example of a cyclic light-and-dark pattern 
which is composed of light and dark portions cyclically 
arranged. Fig. 2A shows a straight line light-and-dark 
pattern. The pattern used in the present invention is not 
limited thereto but may be a corrugated slit pattern 
shown in Fig. 2B, a chevron pattern shown in Fig. 2C, 
or a grid pattern shown in Fig. 2D. What is essential is 
that the substrate may be irradiated with a laser beam 
having a pattern of light and dark portions cyclically ar- 
ranged in a one-dimensional or two-dimensional pat- 
tern. 

[0022] Hereinafter, one example of a laser system for 
collectively irradiating a large area with a laser beam 
according to the present invention will be described with 
reference to Fig. 3. Such a system is suitable for carrying 
out the crystallization process of the present invention. 
In Fig. 3, reference numeral 51 designates a large out- 
put excimer laser light source; 52 is a slit for shaping a 
laser beam into a rectangular shape; 53 is a beam ho- 
mogenizer; 54 is a condenser lens; 55 is a micro-slit; 56 
is an imaging lens; 57 is a mirror; and 58 is an XY-stage 
on which the substrate 0 is mounted. A lamp for heating 
the substrate is mounted in the XY-stage 58. The sem- 
iconductor thin film 4 made from Si is previously formed 
on the substrate 0, The laser irradiation system of the 
present invention, which is basically configured to crys- 
tallize the semiconductor thin film 4 previously formed 
on the substrate 0 by irradiating ihe semiconductor thin 
film 4 with the laser beam 50, includes shaping means, 
optical means, primary scanning means, and secondary 
scanning means. The shaping means includes the 
beam shaping slit 52 and the beam homogenizer 53. 
When the surface of the substrate 0 is divided into a plu- 
rality of division regions, the beam shaping means 
shapes the laser beam 50 to adjust the irradiation region 
of the laser beam 50 such that one division region is 
collectively irradiated with one shot of the laser beam 
50. The optical means, which includes the condenser 
lens 54, the micro-slit 55, Ihe imaging lens 56, and the 
mirror 57, is used to optically modulate the intensity of 
the laser beam 50 such that a cyclic light-and-dark pat- 
tern is projected on the irradiation region of the laser 
beam 50. The primary scanning means is composed of 
the XY-stage 58. After one division region on the surface 
of the substrate 0 mounted on the XY-stage 58 is irradi- 
ated with the optically modulated laser beam 50, the pat- 
tern is shifted by the primary scanning mean such that 
the light and dark portions of the pattern after shifting 
are not overlapped to those of the pattern before shift- 
ing, and the same division region is irradiated with the 



laser beam 50. The secondary scanning means is also 
composed of the XY-stage 58. The irradiation region of 
the laser beam 50 is shifted to the next division region 
by the secondary scanning means, and the crystalliza- 

s tion step is repeated for the division region. In this em- 
bodiment, the optical means includes the micro-slit 55 
on which a cyclic light-and-dark pattern is depicted, and 
the micro-slit 55 is inserted in the optical path of the laser 
beam 50. It should be noted that the micro-slit 55 may 

70 be disposed directly over the substrate 0. 

[0023] The micro-slit 55 is produced by forming 
stripes, each having a width of I to 2 u:m, of a shade film, 
typically, made from a refractory metal having a good 
heat resistance such as Mo or W on a transparent base 

is member such as a glass sheet in such a manner that 
the stripes are spaced from each other at intervals of 
about 1 to 15 ujn. The width and interval of the slits are 
each set such that the corresponding width and interval 
of the light and dark portions ol the pattern projected on 

20 the substrate 0 is nearly equal to or several limes or less 
a lateral growth distance of the crystal by one shot of 
the laser irradiation. The laser beam 50 emitted from the 
XeCi excimer laser light source 51 has a wavelength of 
308 nm, and has a pulse continuation time of one shot 

2S in a range of 100 to 200 ns. By focusing the pattern of 
the micro-slit 55 on the semiconductor thin film 4 made 
from amorphous silicon on the glass substrate 0 and ir- 
radiating the semiconductor thin film 4 with the pulse la- 
ser beam 50 under the above condition, silicon at the 

30 light portions irradiated with the laser beam 50 is melted 
while silicon at the dark portions taken as the shade por- 
tions is left as solid. In such a state, crystal growth pro- 
ceeds in the lateral direction from the solid silicon to the 
melted silicon by a distance of about 0.3 to 1.5 urn on 

3S one side by one laser shot. Then, by shifting the micro- 
slit 55 relative to the substrate 0 by a distance shorter 
than the lateral crystal growth distance and repeating 
the laser shot in accordance with the same manner, the 
crystal continuously grows in the lateral direction. 

40 [0024] Figs. 4A and 4B are schematic diagrams each 
showing the state of crystal growth according to the 
process of the present invention. Referring to Fig. 4A, 
when the semiconductor thin film 4 is irradiated with the 
laser beam 50 via the micro-slit 55, only the light portions 

4S on the semiconductor thin film 4, which correspond to 
the non-masked portions of the micro-slit 55, are melted 
by laser irradiation, and simultaneously the crystal 
growth proceeds in the lateral direction from the dark 
portions or shade portions corresponding to the masked 

so portions of the micro-slit 55. Then, as shown in Fig. 4B, 
when the micro-slit 55 is shifted in the crystal growth 
direction by a distance AS shorter than the lateral crystal 
growth distance, and the semiconductor thin film 4 is ir- 
radiated again with one shot laser, the entire surface of 

55 the rectangular laser irradiation region is crystallized. 
According to this crystallization process, it is possible to 
obtain a crystalline silicon thin film having a very high 
quality with no crystal grain boundary in the crystal 
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growth direction. 
[0025] Figs. 5A to 5D show sequential fabrication 
steps illustrating a first embodiment of a method of fab- 
ricating a thin film transistor used for typically an LCD 
according to the present invention. The mobility of a po- 
ly-crystal silicon thin film transistor fabricated in accord- 
ance with this embodiment is in a range of 270 to 350 
cm 2 /Vs for the N-channel type and is in a range of 160 
to 250 cm 2 /Vs for the P-channel type, which is signifi- 
cantly higher than that of the poly-crystal silicon thin film 
transistor fabricated in accordance with the related art 
method. In addition, the following description will be 
made by example of the fabrication method for the N- 
channel type thin film transistor; however, this embodi- 
ment can be similarly applied to the P-channel type thin 
film transistor only by changing the kind of an impurity 
as a dopant. Here, the fabrication method for the thin 
film transistor with a bottom gate structure will be de- 
scribed. Referring to Fig. 5A, a metal film made from Al, 
Ta, Mo, W, Cr, Cu, or an alloy of either of the metals is 
formed on an insulating substrate 0 made from glass to 
a thickness of 100 to 300 nm, and is patterned into a 
gate electrode 1. 

[0026] Referring to Fig. 5B, a gate insulating film is 
formed on the gate electrode 1 . In this embodiment, the 
gate insulating film has a double-layer structure of a gate 
nitride film 2 (SiN x )/gate oxide film 3 (Si0 2 ). The gate 
nitride film 2 is formed by a plasma CVD (PCVD) proc- 
ess using a mixture of SiH 4 gas and NH 3 gas as a source 
gas. In addition, the plasma CVD process may be re- 
placed with a normal pressure CVD or a low pressure 
CVD process. The gate nitride film 2 is formed to a thick- 
ness of 50 nm. The gate oxide film 3 is formed to a thick- 
ness of about 200 nm on the gate nitride film 2. Then, a 
semiconductor thin film 4 made from amorphous silicon 
is continuously formed to a thickness of about 30 nm to 
80 nm on the gate oxide film 3. The gate insulating film 
having the double-layer structure and the amorphous 
semiconductor thin film 4 are continuously formed in the 
same film formation chamber without changing the vac- 
uum condition. If the above film formation is performed 
by the plasma CVD process, the resultant structure is 
subjected to a so-called dehydrogenation annealing for 
releasing hydrogen contained in the amorphous semi- 
conductor thin film 4. The dehydrogenation annealing is 
performed in a nitrogen atmosphere at a temperature of 
400 to 450°C for one hour. 

[0027] Next, the amorphous semiconductor thin film 
4 is crystallized by irradiating the amorphous semicon- 
ductor thin film 4 with the laser beam 50 in accordance 
with the crystallization process of the present invention. 
An excimer laser beam is used as the laser beam 50. 
The surface of the substrate 0 is divided into a plurality 
ol division regions, and the laser beam 50 is shaped to 
adjust an irradiation region of the laser beam 50 such 
that one division region is collectively irradiated with one 
shot of the laser beam 50. The initial division region is 
irradiated with the laser beam 50 under such a condition . 



At this time, the intensity of the laser beam 50 is optically 
modulated by the micro-slit 55 such that a cyclic light- 
and-dark pattern is projected on the irradiation region. 
Then, the pattern is shifted such that the light and dark 
5 portions of the pattern after shifting are not overlapped 
to those of the pattern before shifting, and the same di- 
vision region is irradiated with the laser beam 50. In this 
way, the initial division region on the semiconductor thin 
film 4 is crystallized. The irradiation region of the laser 
io beam 50 is shifted from the initial division region to the 
next division region, and the crystallization step is re- 
peated for the new division region. 
[0028] Next, as shown in Fig. 5C, tocontrol the thresh- 
old voltage Vth of the thin film transistor, ion implantation 
is is performed for a poly-crystal semiconductor thin film 5 
crystallized at the previous step, as needed. In this em- 
bodiment, ions of B + are implanted in the poly-crystal 
semiconductor thin film 5 at 10 keV in a dose of about 
5 X lO^/cm 2 to 4 X 10 12 /cm 2 A stopper film 6 made 

20 from Si0 2 is formed on the poly-crystal semiconductor 
thin film 5 to a thickness of about 100 nm to 300 nm by 
the plasma CVD process. In this embodiment, silane 
gas SH 4 and oxygen gas are decomposed by plasma, 
to deposit Si0 2 . The stopper film 6 made from SiO s is 

25 patterned into a specific shape in such a manner as to 
be aligned to the gate electrode 1 by using a back side 
exposure technique. A portion of the poly-crystal semi- 
conductor thin film 5, positioned directly under the stop- 
per film 6, is protected as a channel region Ch. As de- 

30 scribed above, the channel region Ch is previously 
doped with a relatively low dose of B + ions by ion im- 
plantation performed for controlling the threshold volt- 
age Vth of the thin film transistor. Ions of an impurity (for 
example, P+) are implanted in the semiconductor thin 

35 film 5 using the stopper film 6 as a mask, to form LDD 
regions on both sides of the channel region Ch. At this 
time, the dose is set in a range of 5 x 10 12 /cm 2 to 1 X 
10 13 /cm 2 , and the acceleration voltage is set at 1 0 KeV. 
A photoresist having a pattern to cover the stopper film 

40 6 and the LDD regions on both the sides thereof is 
formed, and ions of an impurity (for example, P+) are 
heavily doped using the photoresist as a mask by an ion 
shower doping process, to form a source region S and 
a drain region D. In this ion shower doping process in 

45 which the impurity is doped by field acceleration with no 
mass separation, the impurity is doped at an accelera- 
tion voltage of 1 0 KeV in a dose of about 1 x 10 l5 /cm 2 . 
While not shown, in the case of forming the P-channel 
type thin film transistor, a region of the N-channel type 

so thin film transistor is covered with a photoresist, and the 
impurity changed from P+ ions to B* ions may be doped 
in a dose of about 1 X 10 15 /cm 2 . It should be noted that 
the impurity may be doped by using a mass separation 
type ion implantation apparatus. After that, the impurity 

55 doped in the poly-crystal semiconductor thin film 5 is ac- 
tivated by RTA (rapid thermal annealing) 60. The RTA 
may be often replaced with ELA (excimer laser anneal- 
ing). Then, the semiconductor thin film 5 and the stopper 
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film 6 are simultaneously patterned to separate thin film 
transistors for each of the isolation regions. 
[0029] Finally, as shown in Fig. 5D, an interlayer in- 
sulating film 7 made from Si0 2 is formed over the entire 
surface to a thickness of about 100 to 200 nm. A passi- 
vation film (cap film) 8 made front SiN x is formed on the 
interlayer insulating film 7 to a thickness of about 200 to 
400 nm by the plasma CVD process. The resultant 
structure is then heated in a nitrogen gas or forming gas 
atmosphere, or in a vacuum atmosphere at a tempera- 
ture of 350°C to 450°C for one hour, to diffuse hydrogen 
atoms contained in the interlayer insulating film 7 in the 
semiconductor thin film 5. After that, a contact hole 
reaching the semiconductor thin film 5 is formed, and a 
metal film made from Mo or Al is formed to a thickness 
ol 100 to 200 nm by sputtering in such a manner as to 
fill the hole and is patterned into a specific shape to form 
an interconnection electrode 9. A planarization layer 10 
made from an acrylic resin is then applied to a thickness 
of aboul 1 u.m and a contact hole reaching the semicon- 
ductor thin film 5 is formed. Then, a transparent conduc- 
tive film made from ITO or IXO is formed on the planari- 
zation layer 1 0 by sputtering and is patterned into a spe- 
cific shape to form a pixel electrode 1 1 . After that, in the 
case of the organic EL display, an organic EL material 
may be deposited by sputtering or the like. 
[0030] Figs. 6A to 6C are sequential labrication steps 
illustrating a second embodiment of the method of fab- 
ricating a thin film transistor used for typically an LCD 
according to the present invention. The mobility of a po- 
ly-crystal silicon thin film transistor fabricated in accord- 
ance with this embodiment is in a range ol 320 to 430 
cm 2 /Vs for the N-channel type and is in a range of 1 60 
to 220 cm 2 /Vs for the P-channel type, which is signifi- 
cantly higher than that of the poly-crystal silicon thin film 
transistor fabricated in accordance with the related art 
method. In addition, this embodiment is different from 
the first embodiment in that a thin film transistor having 
a top gate structure is fabricated in this embodiment. 
First, as shown in Fig. 6A, double under-films 6a and 6b 
forming a buffer layer are continuously formed on the 
insulating substrate 0 by the plasma CVD process. The 
under-film 6a at the first layer, made form SiN x , is also 
formed to a thickness of 1 00 nm to 200 nm, and the un- 
der-film 6b at the second layer, made from Si0 2> is 
formed to a thickness of 1 00 nm to 200 nm. A semicon- 
ductor thin film 4 made from amorphous silicon is formed 
to a thickness of about 30 nm to 80 nm on the under- 
film 6b made from Si0 2 by the plasma CVD process or 
LPCVD process. If the semiconductor thin film 4 made 
from amorphous silicon is formed by the plasma CVD 
process, the resultant structure is annealed in a nitrogen 
atmosphere at a temperature ranging from 400°C to 
450 P C for about one hour for elimination of hydrogen in 
the film. If needed, the above -de scribed ion implantation 
for controlling the threshold voltage Vth may be per- 
formed. In this case, ions of B+ are implanted in the sem- 
iconductor thin film 5 at an acceleration voltage of about 



10KeVinadoseofabout5X 10 11 /cm 2 to4X I0 12 /cm 2 . 
[0031] Next, the amorphous semiconductor thin film 

4 is crystallized in accordance with the crystallization 
process of the present invention. The surface of the sub- 

s strate 0 is divided into a plurality of division regions, and 
the laser beam 50 is shaped to adjust an irradiation re- 
gion of the laser beam 50 such that one division region 
is collectively irradiated with one shot of the laser beam 
50. The initial division region is irradiated with the laser 
io beam 50 under such a condition. At this time, the inten- 
sity of the laser beam 50 is optically modulated by the 
micro-slit 55 such that a cyclic light-and-dark pattern is 
projected on the irradiation region. Then, the pattern is 
shifted such that the light and dark portions of the pattern 
is after shifting are not overlapped to those of the pattern 
before shifting, and the same division region is irradiated 
with the laser beam 50. In this way, the initial division 
region on the semiconductor thin film 4 is crystallized. 
The irradiation region of the laser beam 50 is shifted 
from the initial division region to the next division region, 
and the crystallization step is repeated for the division 
region. 

[0032] Referring to Fig. 6B, a semiconductor thin film 

5 converted into poly-crystal silicon is patterned into an 
island shape. A gate insulating film 3 made from Si0 2 
is formed to a thickness of 10 nm to 400 nm, preferably, 
100 nm on the semiconductor thin film 5 by the plasma 
CVD process, normal CVD process, Low CVD process, 
ECFt-CVD process, or sputtering process. A metal film 
made from Al, Ti, Mo, W, Ta, doped poly-crystal silicon, 
or an alloy of either of the metals is formed to a thickness 
of 200 nm to 800 nm on the gate insulating film 3, and 
is patterned into a specific shape to form a gate elec- 
trode 1. Ions of P + are implanted in the semiconductor 
thin film 5 over the entire surface using the gate elec- 
trode 1 as a mask by the ion implantation process using 
mass separation, to form LDD regions. The dose is set 
in a range of 6 X 10 12 /cm 2 to 5 x 10 13 /cm 2 , and the 
acceleration voltage is set at 90 KeV A channel region 
Ch positioned directly under the gate electrode 1 is pro- 
tected, and is left as doped with ions of B + by ion im- 
plantation for controlling the threshold voltage Vth. After 
formation of the LDD regions by ion implantation, a re- 
sist pattern is formed in such a manner as to cover the 
gate electrode 1 and its neighborhood, and ions of P + 
are heavily doped by the ion shower doping process of 
the no mass separation type using the resist pattern as 
a mask, to form a source region S and a drain region D. 
In this ion shower doping process, the dose is set at 
about 1 x 10 l5 /cm 2 and the acceleration voltage is set 
at 90 KeV, and hydrogen diluted 20% PH3 gas is used 
as a doping gas. In the case of forming a CMOS circuit, 
after a resist pattern for a P-channel thin film transistor 
is formed, ions of B 4 may be implanted at an accelera- 
tion voltage of go KeV in a dose ranging from about 1 
x 10 lS /cm 2 to 3 x 10 l6 /cm 2 by using a doping gas com- 
posed of 5%-20% B 2 Hg/H 2 gas mixture. It should be not- 
ed that the source region S and the drain region D may 



25 



30 



35 



40 



45 



50 



55 " 



8 



15 



EP 1 047 119 A2 



16 



be formed by using the ion implantation apparatus of the 
mass-separation type. Alter, the dopant implanted in the 
semiconductor thin film 5 is activated by, for example, 
the same RTA 60 using an inrrared lamp as that used in 
the first embodiment. 

[0033] Finally, as shown in Fig. 6C, an Interlayer in- 
sulating film 7 made from PSG is formed in such a man- 
ner as to cover the gate electrode 1 . A passivation film 
(cap film) 8 made from SiN x is formed to a thickness of 
about 200 nm to 400 nm on the interlayer insulating film 
7 by the plasma CVD process. The resultant structure 
is then heated in a nitrogen gas atmosphere at 350°C 
for about one hour, to diffuse hydrogen atoms contained 
in the interlayer insulating film 7 in the semiconductor 
thin film 5. After that, a contact hole reaching the semi- 
conductor thin film 5 is formed, and a metal film made 
from Al-Si is formed on the passivation film 8 by sput- 
tering in such a manner as to fill the hole and is patterned 
into a specific shape to form an interconnection elec- 
trode 9. A planarization layer 10 made from an acrylic 
resin is then applied to a thickness of about 1 \im and a 
contact hole reaching the semiconductor thin film 5 is 
formed. Then, a transparent conductive film made from 
ITO or IXO is formed on the planarization layer 10 by 
sputtering and is patterned into a specific shape to form 
a pixel electrode 1 1 . After that, in the case of the organic 
EL display, an organic EL material may be deposited by 
sputtering or the like. 

[0034] In the second embodimenr shown in Figs. 6 A 
to 6C, the amorphous semiconductor thin film is crystal- 
lized in the same manner as that described in the first 
embodiment shown in Figs. 5A to 5D. This embodiment 
in which the thin film transistor having the top gate struc- 
ture is fabricated, however, is different from the first em- 
bodiment in which the thin film transistor having the bot- 
tom gate structure is fabricated in that the amorphous 
semiconductor thin film is crystallized before the pattern 
of the gate electrode is formed. As a result, according 
to this embodiment, since the allowance of the contrac- 
tion ol the insulating substrate made from glass is larger 
than that in the first embodiment, the crystallization can 
be performed by using a larger output laser irradiation 
system. 

[0035] Fig. 7 shows one example of an active matrix 
type display using thin film transistors fabricated in ac- 
cordance with the first or second embodiment. Referring 
to Fig. 7, the display has a panel structure including a 
pair of insulating substrates 101 and 102, and an elec- 
trooptic material 1 03 held therebetween. A liquid crystal 
material is widely used as the electrooptic material 103. 
A pixel array portion 104 and a drive circuit portion are 
integratedly formed on the lower insulating substrate 
1 01 . The drive circuit portion made from a thin film tran- 
sistor is divided into a vertical drive circuit 105 and a 
horizontal drive circuit 1 06. Terminals 1 07 to be connect- 
ed to external terminals are lormed at the upper end of 
a peripheral portion of the insulating substrate 101 . The 
terminals 107 are connected to the vertical drive circuit 



105 and the horizontal drive circuit 106 via interconnec- 
tions 108. Gate interconnections 109 made from Mo in 
rows and signal interconnections 110 made from Al in 
columns are formed on the pixel array portion 1 04. Pixel 

5 electrodes 111 made from ITO and thin film transistors 
112 for driving the pixel electrodes 111 are formed at 
intersections between the gate interconnections 109 
and the signal interconnections 1 1 0. For each ot the thin 
film transistors 112, a gate electrode is connected to the 

10 corresponding gate interconnection 109; a drain region 
is connected to the corresponding pixel electrode 111; 
and a source region is connected to the corresponding 
signal interconnection 110. Each gate interconnection 
109 is connected to the vertical drive circuit 105 and 

is each signal interconnection 1 1 0 is connected to the hor- 
izontal drive circuit 106. The thin film transistors 112 for 
switchingly driving the pixel electrodes 111 and thin film 
transistors contained in the vertical drive circuit 105 and 
the horizontal drive circuit 106 are fabricated in accord- 

20 ance with the present invention. Such a thin film transis- 
tor has a mobility higher than that fabricated in accord- 
ance with the related art method. As a result, not only 
the drive circuits but also processing circuits each hav- 
ing a higher performance can be integratedly formed. 

25 [0036] Next, another embodiment of the laser irradia- 
tion system of the present invention will be described 
with reference to Fig. 8. In Fig. 8, reference numeral 51 
designates a large output excimer laser light source; 52 
is a slit for shaping a laser beam into a rectangular 

30 shape; 53 is a beam homogenizer; 54 is a condenser 
lens; 55a is a phase shift mask; and 57 is a mirror. A 
semiconductor thin film 4 is previously formed on a sub- 
strate 0 to be processed. The phase shift mask 55a is 
disposed on the surface side of the substrate 0 in such 

35 a manner as to be close to the substrate 0. A heating 
lamp 59 is disposed on the back side of the substrate 0 
in such a manner as to be close to the substrate 0. A 
laser beam 50 is emitted from the laser light source 51 
to the substrate 0 via the phase shift mask.55a, to crys- 

40 tallize the semiconductor thin film 4. The concrete crys- 
tallization process will be described with reference to 
Figs. 9 A and 9B. 

[0037] Prior to description of the crystallization proc- 
ess with reference to Fig. 9, the principle of the phase 

45 shift mask will be described. As shown in Fig. 10, the 
phase shift mask is configured as a quartz having a 
stepped portion. The diffraction and interference of the 
laser beam 50 occur at the boundary of the stepped por- 
tion of the quartz, whereby a cyclic spatial distribution 

so is given to the intensity of the laser beam 50. In the ex- 
ample shown in Fig. 10, a phase difference of 180° is 
given on the right and left sides with respect to the 
stepped portion x = 0 taken as the boundary. In general, 
to give the phase difference ot 180° by forming a trans- 

55 parent medium having a refractive index tt n" on a trans- 
parent base member, the thickness V of the transparent 
medium is given by an equation of t =A/2(n-1) where X 
is the wavelength of the laser beam. Letting the refrac- 
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tive index ot the quartz base member be 1 .46, since the 
wavelength of the XeCI excimer laser beam is 308 nm, 
the stepped portion of 334.8 nm may be formed by etch- 
ing to give the phase difference of 180°. In the case of 
forming an SiN x film as the transparent medium by 
PECVD or LPCVD, letting the refractive index of the 
SiN x film be 2.0, the SiN x film may be formed on the 
quartz base member to a thickness of 154 nm, followed 
by etching to form the stepped portion of 154 nm. The 
intensity of the laser beam 50 having passed through 
the phase shift mask 55a having the phase difference 
ol 1 80° exhibits a cyclic strong-and-weak pattern shown 
in Fig. 10. 

[0038] The cyclic phase shift mask 55a. is formed by 
cyclically repeating the above stepped portions as 
shown in Fig. 11. For the phase shift mask 55a shown 
in Fig. 1 1 , the width of the phase shift stripe and the dis- 
tance between the stripes are each set at 3 um Letting 
a distance between the semiconductor thin film 4 made 
from silicon and the phase shift mask 55a be "d", as the 
"d" becomes larger, the degree of the dilfraction be- 
comes larger and thereby the modulation cycle of the 
intensity of the laser beam becomes longer. The value 
of "d" is preferably set in a range of 0.05 to 3.0 mm. The 
phase difference is not necessarily set at 180° but may 
be set at a value capable of realizing the strong-and- 
weak pattern of the laser beam. When the XeCI excimer 
laser beam having a wavelength of 308 nm is used, the 
pulse continuation time of one shot of the laser beam is 
in a range of 20 to 200 ns. When the phase shift mask 
55a having the above configuration is inserted between 
the laser light source and the semiconductor thin film 4 
made from amorphous silicon and the semiconductor 
thin film 4 is irradiated with the pulse laser beam, the 
laser beam passing through the cyclic phase shift mask 
55a causes the diffraction and interference, whereby a 
cyclic strong-and-weak pattern of the intensity of the la- 
ser beam occurs. The semiconductor thin film 4 is per- 
fectly melted at the portions strongly irradiated with the 
laser beam, and a temperature gradient occurs between 
the portions weakly irradiated with the laser beam 4 and 
the same. In such a state, the lateral crystal growth pro- 
ceeds from solid silicon to the perfectly melted silicon 
by a distance of about 0.3 to 3.5 u.m on one side by one 
shot of the laser irradiation. The phase shift mask 55a 
is moved by a distance shorter than the lateral crystal 
growth distance, and the same irradiation region is irra- 
diated again with one shot of the laser beam. By repeat- 
ing such a laser irradiation step, the crystal continuously 
grows in the lateral direction in the irradiation region. 
[0039] Figs. 9A and 9B are schematic diagrams each 
showing the state of crystal growth. Referring to Fig. 9A, 
silicon at only the light portions strongly irradiated with 
the laser beam is melted, and the lateral crystal growth 
proceeds from solid silicon at the dark portions weakly 
irradiated with the laser beam to the melted silicon. Re- 
ferring to Fig. 9B, the phase shift mask 55a having the 
stepped portions cyclically arranged is shifted in the 



crystal growth direction by a distance AS equal to or 
shorter than the lateral crystal growth distance, and the 
same irradiation region is irradiated again with one shot 
of the laser beam. By repeating such a laser irradiation 
s step, silicon on the entire surface of the rectangular ir- 
radiation region of the laser beam is crystallized. Ac- 
cording to the crystallization process of the present in- 
vention, there can be obtained a crystalline silicon thin 
film having a very high quality with no crystal grain 
10 boundary in the crystal growth direction. 

[0040] Fig. 1 , which has been already described, is 
the view three-dimensionally showing the steps shown 
in Figs. 9A and 9B. Referring to Fig. 1, by shifting the 
pattern in the direction (a) by each distance of about 1 
is pm to crystallize the initial division region D, shifting the 
irradiation region of the laser beam 50 in the direction 
(b), and repeating the above step, the entire surface of 
the semiconductor thin film 4 on the substrate 50 can 
be crystallized. In this case, the rectangular beam has 
20 a size of 61 mm X 73 mm, and the whole of the cross- 
section of the rectangular laser beam 50 is covered with 
the above-described cyclic phase shift mask. In the case 
of using such a cyclic phase mask, a crystallization dis- 
tance V by one shot of laser irradiation is given by mul- 
25 tiplying "the lateral growth distance by one shot" by "the 
number of stripes of the phase shift pattern". In this em- 
bodiment, one cycle of the stripes of the phase shift pat- 
tern is 6 uxn, and therefore, 1 0, 1 66 stripes are contained 
in the rectangular beam. Since crystal growth proceeds 
30 by about 1 urn for each laser irradiation, if the pattern is 
shifted in the minor axis direction, the entire surface of 
one division region D is crystallized by six shots of laser 
irradiation. The calculation of the throughput for crystal- 
lizing the entire semiconductor thin film on the substrate 
35 0 will be described below. In the case where the rectan- 
gular beam has a size of 61 mm x 73 mm and the glass 
substrate 0 has a size of 600 mm X 720 mm, letting the 
overlapped width of the rectangular beams adjacent to 
each other in the direction (b) be 1 mm, the total shot 
40 number required for crystallization of the entire semi- 
conductor thin tilts on the substrate becomes about 600 
shots when the frequency of laser oscillation is set at 10 
Hz. Accordingly, the tack time for crystallization required 
for each substrate becomes about 60 seconds, which is 
45 sufficiently fast as the throughput for mass-production, 
in addition, the pattern of the cyclic phase shift mask is 
not limited to the straight line slit pattern but may be, as 
shown in Figs. 2A to 2D, a corrugated slit pattern, a 
chevron pattern, or a grid pattern. As described above, 
50 according to this embodiment, crystallization is per- 
formed by using the phase shift mask causing diffraction 
of the laser beam to form a cyclic Iigh1-and-dark pattern. 
Since the phase shift mask in this embodiment makes 
use of diffraction of the laser beam, the loss of the laser 
55 beam becomes smaller than that in the case of using 
the micro-slit, to thereby improve the usability of the en- 
ergy. Further, since this embodiment is configured only 
by inserting the phase shift mask in the optical path, the 
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configuration ol the optical system is relatively simple. 
[0041] As described above, according to the present 
invention, it is possible to obtain a high quality silicon 
thin film having a crystallinity similar to that of a single 
crystal, which cannot be obtained by simple multiple 
shots of the laser beam. The mobility ol the poly-crystal 
thin film transistor obtained according to the present in- 
vention is, in the first embodiment,- in a range of 270 to 
350 cm 2 /Vs for the NMOS and in a range of 160 to 250 
cm 2 /Vs for the PMOS; and- is, in the second embodi- 
ment, in a range of 320 to 430 cm 2 /Vs for the NMOS 
and in a range of 160 to 220 cm 2 A/s. By applying the 
poly-crystal silicon thin film transistor of the present in- 
vention to a display device such as a liquid crystal dis- 
play or EL, highly functional operating devices can be 
formed in a peripheral circuit. This is effective for reali- 
zation of the system-on-panel. In particular, according 
to the embodiment of using the phase shift mask which 
makes use of diffraction of the laser beam, the loss of 
the laser beam becomes smaller than that in the case 
.of using the micro-slit, to thereby improve the usability 
of the energy, and further, since this embodiment is con- 
figured only by inserting the phase shift mask in the op- 
tical path, the configuration of the optical system is rel- 
atively simple. 

[0042] While the preferred embodiments of the 
present invention have been described using specific 
terms, such description is for illustrative purposes only, 
and it is to be understood that changes and variations 
may be made without departing from the spirit or scope 
of the following claims. 



Claims 

1. A process of crystallizing a semiconductor thin film 
(4) previously formed on a substrate (0) by irradiat- 
ing the semiconductor thin film (4) with a laser beam 
(50), comprising: 

a preparation step of dividing the surface of the 
substrate (4) into a plurality of division regions 
(D), and shaping a laser beam (50) to adjust an 
irradiation region (R) of the laser beam (50) 
such that one o1 the division regions (R) is col- 
lectively irradiated wilh one shot of the laser 
beam (50); 

a crystallization step of irradiating one of the di- 
vision regions (D) with the laser beam. (50) 
while optically modulating the intensity of the 
laser beam (50) such that a cyclic light-and- 
dark pattern is projected on the irradiation, re- 
gion (R), and irradiating the same division re- 
gion (D) by at least one time after shitting the 
pattern such that the light and dark portions of 
the pattern after shifting are not overlapped to 
those of the pattern before shifting; and 
a scanning step of shifting the irradiation region 



(R) ol the laser beam (50) to the next division 
region (D), and repeating said crystallization 
step for the division region (D). 

s 2. A process of crystallizing a semiconductor thin film 
(4) according to claim 1, wherein said crystallization 
step comprises a step of controlling the direction of 
crystallization by making use of a temperature gra- 
dient corresponding to the light-and-dark pattern, 

70 and irradiating the same division region (D) again 
after shirting the pattern by a distance within a crys- 
tallization distance by one shot of laser irradiation. 

3. A process of crystallizing a semiconductor thin film 
is (4) according to claim 1 , wherein said crystallization 

step is carried out in a state in which the substrate 
(0) is heated at a temperature of 200°C or more. 

4. A process of crystallizing a semiconductor thin film 
20 (4) according to claim 1 , wherein said crystallization 

step is performed by using a phase shift mask (55a) 
which diffracts the laser beam (50) to form a cyclic 
light-and-dark pattern. 

25 5. A laser irradiation system for crystallizing a semi- 
conductor thin film (4) previously formed on a sub- 
strate (0) by irradiating the semiconductor thin film 
(4) with a laser beam (50), comprising: 



30 shaping means (52) for shaping, when the sur- 

face of the substrate (0) is divided into a plural- 
ity of division regions (D), a laser beam (50) to 
adjust an irradiation region (R) of the laser 
beam (50) such that one of the division regions 

35 (D) is collectively irradiated with one shot of the 

laser beam (50); 

optical means for optically modulating the in- 
tensity of the laser beam such that a cyclic light- 
and-dark pattern is projected on the irradiation 

40 region (R); 

primary scanning means for irradiating one of 
the division regions (D) with the optically mod- 
ulated laser beam (50), and irradiating the 
same division region (D) after shifting the pat- 

45 tern such that the light and dark portions of the 

pattern after shifting are not overlapped to 
those of the pattern before shifting; and 
secondary scanning means 1or shifting the irra- 
diation region (R) of the laser beam (50) to the 

so next division region (D), and repeating said 

crystallization step for the division region (D). 

6. A laser irradiation system according to claim 5, 
wherein said optical means comprises a micro-slit 
55 (55) on which a cyclic light-and-dark pattern is de- 
picted, said optical means being inserted in the op- 
tical path of the laser beam (50). 



4. 

20 



11 



21 



EP 1 047 119 A2 



22 



7. A laser irradiation system according to claim 5, 
wherein said optical means comprises a phase shift 
mask (55a) which diffracts the laser beam (50) to 
form a cyclic light-and-dark pattern, said optical 
means being inserted in the optical path of the laser $ 
beam (50). 

8. A laser irradiation system according to claim 5, fur- 
ther comprising: 

10 

means for heating the substrate (0) at a tem- 
perature of 200°C or more; 
wherein said semiconductor thin film (4) is irra- 
diated with the laser beam (50) in a heated 
state, to be crystallized. 15 

9. A thin film transistor comprising: 



of making use of a temperature gradient corre- 
sponding to the light-and-dark pattern, and irradiat- 
ing the same division region again after shifting the 
pattern by a distance within a crystallization dis- 
tance by one shot of laser irradiation. 

11. A thin film transistor according to claim 9, wherein 
said semiconductor thin film (5) is crystallized in a 
state in which the substrate (0) is heated at a tem- 
perature of 200°C or more. 

12. A thin film transistor according to claim 9, wherein 
said semiconductor thin film (5) is crystallized by us- 
ing a phase shift mask (55a) which diffracts the laser 
beam (50) to form a cyclic light-and-dark pattern. 

13. A display comprising: 



a semiconductor thin film (5); 

a gate insulating film (3) stacked on one surface 20 
of said semiconductor thin film (5); and 
a gate electrode (1) stacked on said semicon- 
ductor thin film (5) via said gate insulating film 
(3); 

said semiconductor thin film (5) is obtained by 25 
forming amorphous silicon or poly-crystal sili- 
con having a relatively small grain size on a 
substrate, and irradiating the amorphous sili- 
con or poly-crystal silicon having a relatively 
small grain size with the laser beam to crystal- 30 
lize the amorphous silicon or poly-crystal sili- 
con having a relatively small grain size into po- 
ly-crystal silicon having a relatively targe grain 
size; and 

the crystallization of said semiconductor thin 35 
film (5) is performed by dividing the surface of 
the substrate (0) into a plurality of division re- 
gions (D), and shaping a laser beam (50) to ad- 
just an irradiation region (R) of the laser beam 
(50) such that one of the division regions (D) is *o 
collectively irradiated with one shot of the laser 
beam (50); irradiating one of the division re- 
gions (D) with the laser beam (50) while opti- 
cally modulating the intensity of the laser beam 
(50) such that a cyclic light-and-dark pattern is 45 
projected on the irradiation region (R). and ir- 
radiating the same division region (D) by at 
least one time after shifting the pattern such 
that the light and dark portions of the pattern 
after shifting are not overlapped to those of the so 
pattern before shifting; and shifting the irradia- 
tion region (R) of the laser beam to the next di- 
vision region (D), and repeating the crystalliza- 
tion for the division region. 

ss 

10. A thin film transistor according to claim 9, wherein 
said semiconductor thin film (5) is crystallized by 
controlling the direction of crystallization by means 



a pair of substrates (101, 102) jointed to each 
other with a specific gap put therebetween; 
an electrooptic material (103) held in the gap 
between said substrates (101, 102); 
counter electrodes formed on one of said sub- 
strates; and 

pixel electrodes (111) and thin film transistors 
(112) for driving said pixel electrodes (111), 
which are formed on the other of said sub- 
strates (101, 102), each of said thin film tran- 
sistors (112) including a semiconductor thin film 
(5) and a gate electrode (1 ) stacked on one sur- 
face of said semiconductor thin film (5) via a 
gate insulating film (3); 

wherein said semiconductor thin film (5) is ob- 
tained by forming amorphous silicon or poly- 
crystal silicon having a relatively small grain 
size on the other substrate, and irradiating the 
amorphous silicon or poly-crystal silicon having 
a relatively small grain size with the laser beam 
to crystallize the amorphous silicon or poly- 
crystal silicon having a relatively small grain 
size into poly-crystal silicon having a relatively 
large grain size; and 

the crystallization of said semiconductor thin 
film (4) is performed by dividing the surface of 
the other substrate into a plurality of division re- 
gions (D), and shaping a laser beam (50) to ad- 
just an irradiation region of the laser beam such 
that one of the division regions (D) is collective- 
ly irradiated with one shot of the laser beam; 
irradiating one of the division regions (D) with 
the laser beam while optically modulating the 
intensity of the laser beam such that a cyclic 
light-and-dark pattern is projected on the irra- 
diation region, and irradiating the same division 
region by at least one time after shifting the pat- 
tern such that the light and dark portions of the 
pattern after shifting are not overlapped to 
those of the pattern before shifting; and shifting 
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the irradiation region of the laser beam to the 
next division region, and repeating the crystal- 
lization for the division region. 

1 4. A display according to claim 1 3, wherein said sem- 5 
{conductor thin film (4) is crystallized by controlling 

the direction of crystallization by means of making 18. 
use of a temperature gradient corresponding to the 
light-and-dark pattern, and irradiating the same di- 
vision region again after shifting the pattern by a dis- 10 
tance within a crystallization distance by one shot 
of laser irradiation. 

1 5. A display according to claim 1 3, wherein said sem- 
iconductor thin film (4) is crystallized in a state in *5 
which the substrate is heated at a temperature of 19. 
200°C or more. 

1 6. A display according to claim 1 3, wherein said sem- 
iconductor thin film (4) is crystallized by using a 20 
phase shift mask which diffracts the laser beam to 20. 
form a cyclic light-and-dark pattern. 

17. An organic EL display comprising: 

25 

pixel electrodes (111) containing luminous por- 
tions made from an organic EL material and thin 
film transistors (112) for driving said pixel elec- 
trodes (111), which are formed on a substrate, 
each of said thin film transistors (1 1 2) including 30 
a semiconductor thin film and a gate electrode 
stacked on one surface of said semiconductor 
thin film via a gate insulating film; 
wherein said semiconductor thin film (5) is ob- 
tained by forming amorphous silicon or poly- 35 
crystal silicon having a relatively small grain 
size on the substrate, and irradiating the amor- 
phous silicon or poly-crystal silicon having a rel- 
atively small grain size with the laser beam to 
crystallize the amorphous silicon or poly-crystal *o 
silicon having a relatively small grain size into 
poly-crystal silicon having a relatively large 
grain size; and 

the crystallization of said semiconductor thin 
film (5) is performed by dividing the surface of 45 
the substrate into a plurality of division regions 
(D), and shaping a laser beam (50) to adjust an 
irradiation region (R) of the laser beam (50) 
such that one of the division regions is collec- 
tively irradiated with one shot of the laser beam so 
(50); irradiating one of the division regions (D) 
with the laser beam (50) while optically modu- 
lating the intensity of the laser beam (50) such 
that a cyclic light-and-dark pattern is projected 
on the irradiation region, and irradiating the ss 
same division region by at least one time after 
shifting the pattern such that the light and dark 
portions of the pattern after shifting are not 



overlapped to those of the pattern before shitt- 
ing; and shifting the irradiation region of the la- 
ser beam to the next division region, and re- 
peating the crystallization for the division re- 
gion. 

An organic EL display according to claim 1 7, where- 
in said semiconductor thin film (5) is crystallized by 
controlling the direction of crystallization by means 
of making use of a temperature gradient corre- 
sponding to the light-and-dark pattern, and irradiat- 
ing the same division region again after shifting the 
pattern by a distance within a crystallization dis- 
tance by one shot of laser irradiation. 

An organic EL display according to claim 17, where- 
in said semiconductor thin film is crystallized in a 
state in which the substrate is heated at a temper- 
ature of 200°C or more. 

An organic EL display according to claim 17, where- 
in said semiconductor thin film is crystallized by us- 
ing a phase shift mask (55a) which diffracts the laser 
beam (50) to form a cyclic light-and-dark pattern. 
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